Land valuation has traditionally concentrated on land-use activities that have direct revenue potential, and can therefore be measured in monetary terms. Examples include the value of land for agriculture, forestry, or mining. Efforts to negotiate First Nation treaties and associated land-claim settlements have identified the need for methodologies to determine value of land for land-use activities more difficult or impossible to quantify in monetary terms. Such land-use activities include the use of land for leisure, recreation, and tourism.
relative and absolute valuation of the worth of relatively large areas of land for activities for which value is traditionally difficult to quantify in monetary terms. This CSDSS will consist of an integrated combination of suitability, economic valuation, and decisionmaking methodologies. The eventual CSDSS will be web based, interactive, and easy to use.
The research presented here summarises an intermediate step in our overall research programme. We summarise insights gained developing and testing the feasibility of a`Gestalt' methodology to capture stakeholders' initial land valuations. We introduce the diverse types of information products that can be generated from the initial valuations to seek insight into what determined individual judgments, in order to facilitate the negotiations of consensus value. We begin the paper by introducing and justifying the Gestalt technique. We move on to explain our methodology and to report on the pilot study conducted to evaluate process and procedure. References to figures in the body of the paper refer to the research programme website at http:// www.geog.uvic.ca/gestalt/pilot.htm. We conclude the paper with a general discussion of the potential role of land valuation made via the Gestalt technique in an overall land-valuation process.
Gestalt
Reviews of landscape-suitability assessment and land-valuation literature by Hopkins (1977) , Dearden and Sadler (1989) , Porteous (1989; 1996) , and Keller et al (1996) have identified a fundamental division. On one side are practitioners of quantitative and reductionist techniques who advocate the valuation of land by identifying a limited set of attributes which are argued to control value, numerically combining these attributes to determine overall value. On the other side are those who feel land is too complex to be judged by the numerical combination of a limited set of measurable attributes; they advocate instead that landscape be valued in its holistic state, based on experience and personal judgment.
The primary goals underlying the quantitative and reductionist school of thought are the quest for scientific objectivity and replicability. Methodologies involve the search for ways to break landscape into its component parts, thereafter determining value for each of the components, ranking the relative weight of each component, and eventually summing everything back together to yield an overall value. Such an approach has its roots in early works by McHarg (1969) who explored cartographic overlay techniques to combine layers of information about land to determine the location of highway corridors. Today, this approach is facilitated greatly by digital topological overlay procedures and multicriteria analysis contained in most commercial geographic information system (GIS) software. Conceptually extremely elegant, this approach is subject to a number of debates. First, there is the question of which data layers to select in the overlay process. Second, there is debate about how meaningfully to measure and quantify attributes within each data layer. Third, it remains unresolved exactly how the various data layers should be added together without imposing oversimplification. Fourth, there remains a fundamental problem about how to handle dependency conditions between the various data layers to be combined (Keller et al, 1996; Steiner, 1983) .
The school of thought opposing the reductionist approach argues that there are attributes to land that defy easy quantification. Examples include aesthetics and ambience of landscape. These difficult-to-quantify characteristics of land are, however, importantöespecially when attempting to derive land value for land-use activities for which value is difficult to quantify in monetary terms, for example, for tourism or recreation. This school therefore notes that value of landscape is made up both of tangibles and of intangibles, and that intangibles should not be ignored simply because they are unmeasurable in monetary terms. They also question the validity of the linear addition of a limited set of land attributes, noting that interrelationships between attributes are too complex to be handled in this format. They acknowledge that one way to improve on the linear addition of data layers is to switch to nonlinear addition, or to a`rules of combination' or`hierarchical rules of combination' method (Keller et al, 1996; Pereira and Duckstein, 1993) . Such approaches, however, still assume that land value can be determined from a limited set of measurable attributes, and these last techniques also quickly become numerically unwieldy (Pereira and Duckstein, 1993) . This group therefore identifies the need for a valuation process that judges landscape in its holistic form.
One such approach is for stakeholders and/or experts to examine landscape as is, thereafter attempting to break it apart into what are perceived as homogeneous value parcels. These homogeneous parcels can subsequently be judged for value relative to each other. Such a technique, referred to as the`Gestalt method', suffers from the fact that it is based on personal experience and personal judgment, and therefore is subjective and nonreplicable. It does, however, reflect value as perceived by those deemed to be stakeholders or experts. This last is especially important in cases where value of land has to be negotiated with parties who have a vested interest in the use of the land for reasons other than commercial exploitation. Despite its subjectivity and nonreplicability, considerable insight into land value can therefore be gained from collecting judgmental and perceived values from stakeholders, especially when the opportunity is subsequently offered for stakeholders to compare and to combine these judgments in a search for consensus.
There can be little doubt that there is validity to both the quantitative and the holistic schools of thought. We considered it important, therefore, to incorporate both quantitative/reductionist as well as the more qualitative/holistic techniques when designing an overall collaborative spatial decision support system (CSDSS) (Jankowski and Nyerges, 2001; Malczewski, 1999) to value large areas of land for treaty negotiations. Such a combination will allow the scientific and objective evidence brought to the table by the quantitative/reductionist techniques to be complemented and enhanced by evidence submitted in the form of perceived value judgments based on holistic valuation, and vice versa. An attempt has been made, therefore, to incorporate into our CSDSS a methodology to capture, compare, and evaluate perceived value of landscape as expressed by stakeholders and experts using the Gestalt technique. In this paper we report on that part of our overall CSDSS.
CSDSS Gestalt methodology
In an ideal situation, stakeholders should identify and report what they perceive to be homogeneous units in the landscape, and their relative values, through direct fieldwork. Findings from their fieldwork should be mapped. In reality, operating budgets rarely exist to support such fieldwork. In addition, the geographical areas under consideration often are too large to be field visited by all stakeholders in a reasonable time.
What is required, therefore, is access to a model of the landscape that can be considered in a consistent manner by all stakeholders, within a reasonable operating budget, and within a reasonable timeframe. There are a number of different options. The landscape can be covered photographically or by a remote-sensing technique; an analogue or digital scale-reduced three-dimensional model of the landscape can be built; or the topographic map can be accepted as a scale-reduced generalised abstract model of reality.
We rejected the option of photographic or other remote-sensed coverage for a number of reasons. Photographs taken on the ground contain considerable bias, imposed by the type of film and lens used, and the nature of enlargement and display. More bias is imposed by the time of year and day, the weather, as well as the locations from which the photographs are taken, In addition, there are considerable costs associated with obtaining reasonably detailed photographic coverage of an area, and considerable logistical problems would have to be overcome to present a large set of photographs in a consistent and meaningful manner to the stakeholders. An alternative is provided by photographs or other imagery taken from vertically above the groundöfrom the air. The technology exists to produce consistent quality aerial photographic or remote-sensed coverage of an area that can be rectified and turned into an orthophotomap. Such a view of the land is, however, artificial as we rarely experience landscape from vertical vantage point, and seasonality remains problematic.
The option of constructing an analogue or digital three-dimensional (3D) model of the landscape also was rejected. Precedent exists for the construction of 3D analogue models of landscape at various scales. Landscape architects use these types of models to communicate their ideas. Considerable advances have also been made in recent years towards the generation of 3D digital models of the landscape, including the creation of virtual space and the ability to simulate flights through these 3D digital models. However, the design of such 3D models, in either analogue or digital format requires considerable generalisation and abstraction, and the necessary rules do not exist to produce such models in a consistent and unbiased manner. Imagination and the tools available to the creator of the model will impose biases that may influence the outcome of the exercise. Costs, logistics, and the time required to construct such 3D models in either analogue or digital format also would be prohibitive.
This leaves the topographic map as a generalised and abstracted model of reality. The advantages of the topographic map are as follows. First, topographic maps have been around for a long time and therefore have considerable history. Second, the design and production of these maps have been formalised, and they are designed and produced to rigorous and consistent standards. Third, topographic maps are relatively cheap to purchase. Fourth, they can be displayed with little effort and in a consistent manner. But there are also disadvantages. First, topographic maps are a generalised model of land, communicated on a two-dimensional medium, and they visualise land as seen from directly above. Second, it cannot be assumed that all stakeholders have the same training in and experience of topographic map reading. Third, topographic maps are made at fixed scales which may not be ideal for the geographical area under consideration. Fourth, it has been demonstrated that topographic maps are social constructions which contain considerable cultural bias and silences, and therefore are not value-neutral generalisations of reality (Harley, 1990) .
Weighing issues of suitability, logistics, finance, and time, the topographic map seemed to us to be the most realistic choice for use as a generalised and abstract model of reality. A research methodology was therefore designed to facilitate data collection and analysis of stakeholders' judgments of land value from a holistic perspective made using topographic maps. In the following sections we introduce and describe a pilot study undertaken to experiment with such a data-capture and data-analysis methodology.
4 Data collection and database preparation A land-valuation project undertaken for the British Columbia Ministry of Small Business, Tourism and Culture (Keller et al, 1996 ; Whyte et al, 1997) yielded resources and background suitable for a pilot study. The geographical area of interest covers part of the Okanagan region in South Central British Columbia, Canada. The area is covered both by a 1 : 250 000 and a 1 : 50 000 topographic map (Canadian topographic map sheets 82e and 82e12 ö for examples of Canadian topographic maps see http:// maps.nrcan.gc.ca/topographic.html). The larger scale, 1 : 50 000, map shows a section of the smaller scale 1 : 250 000 map in more detail.
The initial land-valuation project included working with a small number (5) of local stakeholders in the tourism industry who participated in a workshop to seek consensus on relative land value. Based on observations and experiences with this group, the data-capture and analysis methodology reported below was developed.
Ideally, testing our methodology should have involved research subjects representing stakeholders involved in a real-world land-chain negotiation, or at least research subjects with a common interest in the outcome of a land-valuation process. However, the primary goals of an initial pilot test of our methodology were to focus on the process of data collection and of subsequent data-processing steps. We also did not feel ready to approach a real-world land-valuation scenario, given the preliminary nature of our experimentation. A decision was made, therefore, to test the methodology using undergraduate university students in a third-year resource management course. The fact that these students would not necessarily all be directly familiar with and emotionally attached to the study area was not considered problematic, given the primary goals of the pilot study. Some 89% of the students who participated and visited the study area, but 27% noted that they could not claim to be directly familiar with the area.
Students were given a brief introduction to the research project at the end of a regular class, and those wishing to participate were scheduled to complete the exercise at a time convenient to them during a two-week period. A total of 71 students agreed to participate.
The first step in our methodology is to get stakeholders to use topographic maps to identify areas of homogeneous values. In the pilot study, each student was asked to examine a copy both of the 1 : 250 000 and of the 1 : 50 000 topographic maps (with the 1 : 50 000 map covering in more detail a part of the geographical area shown in the 1 : 250 000 map). For each student, the two maps were then overlaid with transparent mylar. Given identical instructions, each student was next asked to divide the entire topographic map area, for both maps, into regions of homogeneous value for the purpose of outdoor recreation. To complete this exercise, students were given four coloured pencils, representing four different value classes (1 `low value', 2 `medium value', 3 `high value', and 4 `exceptional value'). A four-class division was deemed sufficiently detailed to capture variation in value without becoming overly complex to the point of creating confusion between categories. The end products of this exercise were two sets of 71 mylar sheets showing colour-coded polygons of perceived equal land value. Examples of the resultant maps can be viewed on the research project website at http://www.geog.uvic.ca/gestalt/pilot.htm (figure 1, see over).
Having completed this exercise, students were asked to complete a short questionnaire in which they were given the opportunity to comment on what they had been asked to do. The questionnaire also requested background information about the students, their familiarity with the study area, and their familiarity with topographic maps.
What did students say about the exercise? Students had no problem understanding the exercise. Nobody commented on difficulties in understanding our instructions or in following the procedure. They noted little difficulty in using topographic maps to understand the landscape to be judged, and all were able to complete the exercise of the 71 students, 43% commented that the exercise was instructive, useful, and valuable.
Only one respondent questioned their own normal ability to use a topographic map to make a judgment about land. The students were given the opportunity to have their maps withdrawn from subsequent analysis if they felt that their value judgment was meaningless; none asked for their maps to be withdrawn.
Students commented that they felt there was sufficient detail, especially on the 1 : 50 000 map, to judge relative values of land for outdoor recreation and tourism. Some expressed reservation concerning the 1 : 250 000 map: they felt it was too generalised to be meaningful. The question of appropriate map scale is explored in more detail in section 8 of this paper. A number of respondents commented that they especially liked the fact that some of the outdoor recreation activities were explicitly shown on the maps (for example, ski hills, provincial parks, camping grounds), noting that this aided their valuations. This raises an interesting question. To what degree does specific information presented on a topographic map bias the personal valuation process. A hypothesis which should be tested is that the more familiar the subject is with the study area, the less will detail reported on the topographic map bias value judgment. Testing such a hypothesis was not part of our pilot survey and is beyond the research reported here. We conclude that, overall, the students were positive and responsive to our methodology, and they felt that this approach to land valuation has merit. It must be remembered, however, that the students did not have a vested interest in the outcome of the valuation process. Reactions to the methodology may be different for subjects who have an emotional attachment to the land involved, or who have a vested interest in the outcome of the valuation process. Additional information about how students divided and valued the study area, and how their responses compared, are offered later.
The next step in our research programme was to digitise the maps to facilitate the analysis of responses and to allow for the generation of information products to facilitate consensus building. A number of problems had to be addressed during the digitising process. (a) Most respondents did not cover the entire study area with value polygons. Respondents were asked to judge the entire map sheet, so their choice to leave areas blank requires interpretation. Shortage of time was not an explanation, as respondents were not given a time limit to complete the exercise. The survey accompanying the mapdivision exercise asked students to comment on the exercise. None of the respondents commented on the areas-left-blank issue, and none commented that there was too little time. Therefore we can only speculate. Respondents must have associated areas left blank in a unique manner. The most intuitive explanation is that they did not perceive these areas to have any value for outdoor recreationöthese areas were of no interest. For digitising purposes, we coded areas left blank as ordinal class`0' recorded as`left blank', but interpreted as`no value'. The fact that respondents choose to leave areas blank is a subject we have identified as requiring further investigation. (b) Whereas some respondents were very careful to draw thin and consistent polygon boundaries, others sketched polygonal boundaries sometimes with thick and, in some cases, overlapping strokes [see figures 2(a), 2(b), over, and http://www.geog.uvic.ca/ gestalt/pilot.htm]. Quite a number of respondents also created overlapping areas when drawing adjacent polygons [see figure 2(c), and http://www.geog.uvic.ca/gestalt/ pilot.htm]. Efforts were made to digitise along the centre or the average of any disputed area [see figure 2(d), and http://www.geog.uvic.ca/gestalt/pilot.htm]. (c) Some respondents elected to draw adjoining polygons of the same value, violating the assumption that adjoining polygons should have different attribute values [see figure 2(e), and http://www.geog.uvic.ca/gestalt/pilot.htm]. A decision was made to allow adjoining polygons to have the same rank value, in order not to lose information which might prove valuable later.
Initial digitising and topological cleaning resulted in two sets of 71 vector polygon map files ready for printing, digital display, and comparative analysis. Of themselves, these maps are of interest. But they must be packaged for viewing, analysis, and interpretation in order to become useful for land valuation and consensus building. The next step in the research programme, therefore, was to build a number of information products out of the student stakeholders' maps. can be achieved on the computer screen, by wall projection, or by production of hardcopy output. Facilitating a comparison of individual responses to an average response is more challenging. One way to facilitate comparison of a stakeholder's valuation with the average valuation is to summarise the number of polygons into which each individual divided the study area, and the distribution of these polygons by value class. Average values for these variables can then be calculated. An example of this type of average reporting for the students' maps is shown in table 1.
The information presented in table 1 allows stakeholders to gain insight into how complexly they divided their study area relative to others, and the overall variations in response. In the pilot study, for example, division of the region into polygons identified showed an almost tenfold variation in complexity between respondents. Measures of mean, standard deviation, skewness, and kurtosis for both map scales suggest that average responses are skewed considerably towards more complex divisions of the maps. At the risk of generalising, we can say that the average respondent divided the maps into a reasonably large number of homogeneous landscape polygons. These polygons were not evenly distributed amongst the value classes, and respondents chose not to value half of the map area on average. The remaining half of the map was divided approximately evenly, with 25% allocated to each of the four value classes. Further, the average size of polygons appears to decrease as one moves from`low value' polygons to`exceptional value' polygons.
We report these results simply to demonstrate the type of insights that can be gained from average-response analysis. To seek meaningful interpretation of these results would make little sense, given the nature of our pilot study. For each individual land-valuation process, stakeholders and decisionmakers will have to draw their own conclusions as to what the type of information presented above tells them.
Stakeholders also may with to see average results visualised in map format in order to study the spatial distribution of average values, to draw comparisons between average response values and the location of geographical features on the ground, and to learn how their interests fare in the overall picture. One way to achieve this is to derive maps showing the spatial distributions of mean class and standard deviation. Producing such maps requires extensive manipulation of the original vector maps, including complex multiple overlay operations. Given the computational complexities underlying the vector-overlay process, and given the conceptual elegance and computational simplicity of conducting overlay in raster format using map algebra, all vector maps were rasterised using a cell resolution of 300 m and 75 m for the 1 : 250 000 and 1 : 50 000 scales, respectively. In our case study, these cell sizes were chosen to offer à balance between excessive data volumes and a meaningful minimum resolution, as well as to maintain a consistent ratio between the two map scales and their respective cell sizes. Rasterisation resulted in a total of 178 986 and 178 657 raster cells for the two maps, respectively. Map algebra could thereafter be conducted in a statistical package (SPSS) by declaring each cell in the raster matrix a case, with each of the 71 maps in each set being a unique variable.
Figures 3 and 4 (http://www.geog.uvic.ca/gestalt/pilot.htm) show the spatial distributions of mean class and standard deviation for each pixel cell for the 1 : 250 000 and 1 : 50 000 maps, respectively. It is possible to reproduce these average-response maps at the same scale as the original topographic maps (and each respondent's mylar overlay), thereby allowing stakeholders visually to compare these maps side-by-side, or visually to overlay them using GIS and possibly digital wall projection.
The reporting of average responses and their standard deviations for data ranked on an ordinal scale implies a violation of statistical assumptions. The statistically correct procedure for reporting average response for ordinal data is to report the modal class value. An alternative, therefore, should be to calculate the modal value for each cell in the grid matrix covering the two maps. This was done and the results are reported in table 2 and figure 5 (http://www.geog.uvic.ca/gestalt/pilot.htm). Areas `left blank' dominate the resultant modal maps, and these maps fail to show as much information as could be gained from the average-response maps [figures 3(a) and 4(a)]. We experimented further and found that one way of gaining additional information from modal data is to treat`left blank' pixels independently of the four value classes, by producing a bivariate map. In this case, one variable dimension is the modal class for the four value categories ignoring the`left blank' class. This variable can be visualised by using variation in colour`hue'. The second variable dimension is the percentage of times the area was actually valued. This variable can be visualised by using variation in colour intensity or saturation, with saturation or brightness increasing with increasing percentages of times the pixel was valued. The resultant bivariate maps are shown in figure 6 (see over) (http://www.geog.uvic.ca/gestalt/pilot.htm).
A problem encountered with reporting and mapping average by modal class is the occurrence of multimodality. Multimodality is argued to exist where two or more data classes contain approximately equal numbers of most frequently valued data values. Table 3 shows that multimodality exists for over 10.8% of the cells for the 1 : 250 000 and 6.3% for the 1 : 50 000 maps, respectively, in our pilot study. In figures 5 and 6 multimodality was ignored, and these figures therefore fail to show the magnitude of difference between counts in the modal class and counts in the next-to-modal class. Failure to communicate a measure of strength of the modal class can be misleading.
In summary, stakeholders can be presented with a descriptive tabular summary of the complexity of their own valuation, as well as a summary of the average mapvaluation complexity. Stakeholders and decisionmakers can also be presented with two types of maps which summarise their collective results. Maps showing modal class information (figures 5 and 6) are statistically more appropriate and correct, but we find that maps of averages and their standard deviations (figures 3 and 4) communicate more clearly average-response behaviour. Stakeholders should determine for themselves which of the two map types offers them more information and insight. All the above results can easily be made available to participants via GIS and/or an interactive website.
When we visually compared figures 3 and 4 with the original topographic maps, we found considerable spatial correlation between average-response patterns and the 6 Reporting consensus and divergence among stakeholders The model described above can present stakeholders and decisionmakers with insight into average response and variation around the average. Individual stakeholders will most likely also want an answer to the questions``How does my response compare to person X?'', and``How similar were the responses of person Y and person Z?''. To answer these questions requires pair-wise map comparison. Pair-wise comparison of raster maps can be achieved by the construction of a contingency matrix, as explained by Lillesand and Kiefer (1994, page 612) . The result will be a symmetric contingency table, where all pixels which are encoded the same way on both maps are recorded on the trace (or the diagonal), with all nonmatching pairs recorded elsewhere. We developed a process to facilitate the efficient calculation of such a contingency matrix for each of the 2485 (71 Â 70a2 pair-wise comparisons). An example of such a contingency matrix is shown in table 4.
Large numbers of pair-wise comparison matrices are difficult to inspect and interpret. One solution, therefore, is to calculate a summary statistic that describes each contingency matrix. This can be achieved by calculating an index of similarity, C i j , which is computed by dividing the number of pixels counted on the trace of the contingency matrix by the total number of pixels in the study area:
where C i j is the index of similarity (expressed as a percentage); n i j is the number of pixels of the ith class on map 1 and the jth class on map 2; and k is the number of classes. Such an index will equal 100% where there is a perfect match between the two maps. In the case where no two cells correspond, the index will be 0%.
One of the problems with this measure is that it does not incorporate information contained in the nondiagonal elements of the confusion matrix. An alternative measure which does explicitly consider this information in the kappa (or KHAT) statistic. This statistic is a measure of the difference between the observed distribution of data in the confusion matrix and the expected difference were the two maps to have been drawn randomly. Details about calculating kappa can be found in the work of Lillesand and Kiefer, who note that this``statistic serves as an indicator of the extent to which the percentage correct values of an error matrix are due to`true' agreement versus chance' agreement (1994, page 616). True agreement yields a kappa value approaching 1. A kappa value of 0 suggests that any agreement found between the two maps is due to chance. A kappa value between 0 and 1, for example, 0.58, can be interpreted as agreement 58% better than agreement obtained from chance'. We therefore added a procedure to calculate kappa. For the reader's general interest, we show summary statistics for C i j and kappa in table 5 (see over). Allowing stakeholders to examine results for both the index of similarity and the kappa values is thought to be important because the two measures report on different parts of the similarity matrix for each map pair. This agrees with a finding of Lillesand and Kiefer who note that it is``not possible to give definitive advice as to when each measure should be used in any given application. Normally, it is desirable to compute and analyse both of these values' ' (1994, page 617) .
Stakeholders generally are interested in knowing who shares their values or positions, and who holds different values or positions. Examining the matrix of results for C i j and/or kappa will meet this requirement. Having used C i j and/or kappa to identify a pair-wise comparison of interest, stakeholders should subsequently be able to look up contingency tables and examine visually actual mapped responses for more specific comparative details. An efficient way of allowing stakeholders and decisionmakers access to this type of comparative information is via an interactive website. Such a site should allow for the specification of any pair of participants in the valuation project, and requests to view their actual mapped valuation responses as well as the associated contingency matrix, similarity index, and kappa score. This type of pairwise information for the pilot study can be explored on the research programme website http://www.geog.uvic.ca/gestalt/pilot.htm. With the advent of web-based GIS, it is not unforeseeable that, in the future, such a site also would allow the user to conduct on-the-fly full-scale map-overlay comparison of any two valuation maps as presently supported by commercial GIS products.
7 Grouping responses So far we have offered stakeholders and decisionmakers summaries of average responses to Gestalt valuation, and how individual valuations compare with those of others. We anticipate that it also will be of interest to decisionmakers to identify and to examine the responses of subgroups. Two grouping scenarios may be of interest here.
First, if stakeholders are known to divide into logical groups (for example, environmentalists versus developers), it will be of interest for decisionmakers to explore for consensus and variation within the membership of each group, and to compare average responses between groups. By repeating all the analyses described above for each of the subpopulations it is easy to perform this type of group analysis. We ran such an analysis differentiating between`geography' students (n 54; 76.1%) and`environmental studies' students (n 17; 23.9%). For each of these two subgroups we were able to create average maps of variation around the average, and modal class maps, as explained in section 5 without too much further effort. We were also able to derive contingency tables and calculate indexes of similarity and kappa measures between the average land valuation map for all respondents, for geography students, and for environmental studies students, as explained in section 6. Table 6 shows summary statistics for the similarity index and kappa for the 1 : 250 000 map. Second, decisionmakers may be interested in using statistical techniques to cluster stakeholders into groups in such a way as to maximise within-group similarity while maximising between-group differences. Multivariate statistical techniques exist to conduct this type of analysis, assuming one treats each of the stakeholders as one axis in a data matrix (that is, data column), and each pixel in the grid as the other axis (that is, data row). However, this is problematic. This type of multivariate cluster analysis assumes statistical independence between cases. Given the inherent spatial autocorrelation underlying map data, it is clear that this assumption would be violated. An alternative approach, therefore, is to evaluate the matrix of similarity indexes or kappa values for logical clusters using a cluster-analysis procedure. We employed COMPAH96 (http://www.es.umb.edu/edgwebp.htm#COMPAH) to calculate clusters and to generate a cluster diagram for both the similarity-index and the kappa-value matrices. Figure 7 (see over) shows the resultant tree-type cluster diagram for the kappa index for the 1 : 250 000 map.
Examination of the different grouping hierarchies will yield insight into whose valuation groups with that of who else, and at what level of grouping. Group membership may be examined in relation to background data about stakeholders as differences between groups. If so desired, elaborate statistical analyses could now be performed on background data collected about stakeholders to seek explanation for within-group membership and between-group variations. Given the pilot nature of our experiment, we opted not to conduct these analyses. In a real-world valuation project, however, such analyses offer the potential to afford considerable additional insight into why stakeholders value judge in the way they do.
8 Suitability of topographic maps as model of the landscape, and comparison of the two map scales One of the objectives of our overall CSDSS is to facilitate a process whereby stakeholders can value landscape holistically. In section 3, the argument was made that topographic maps could be used as a surrogate for access to the real landscape in order to facilitate the holistic valuation process. In the pilot study, we tested respondents' ability to use topographic maps employing two different scales. For the sake of convenience, one scale was nested inside the other. Respondents in the pilot study were asked to comment on the suitability of the topographic maps for this exercise.
We reported above that all but one respondent felt that they were able to judge landscape based on topographic maps, and that they had little problem completing the exercise. Exploration of respondents' results on the research website will allow the reader to formulate their own judgment about complexity of and consistency in responses, and comparison of responses with what is shown on topographic maps. Some respondents commented on the fact that they were asked to value judge a geographic area they were not familiar with, and that familiarity with the area would have allowed them to bring personal experience to the exercise which would have made the topographic maps easier to use. This concern already has been recognised and commented upon in section 4.
One respondent expressed concern about their own personal map literacy, despite familiarity with the concept of topographic maps. We recognise that general map literacy, and topographic map literacy in particular, cannot always be assumed. The fact that none of our respondents commented on unfamiliarity with topographic maps and that all but one felt comfortable working with this communication medium, may be because we used students with appropriate academic specialisations in our pilot study. We conclude that stakeholders should be questioned about their map literacy, and that those unfamiliar with topographic maps should not be required to judge land in this way.
Quite a number of respondents commented that access to aerial photographs or orthophotomaps would have helped the land-valuation exercise, and that we should consider substituting orthophotomaps for the topographic maps. Given the positive response to orthophotomaps, we feel that additional future research is justified in which the substitution of topographic maps with orthophotomaps is explored.
An important consideration when using topographic maps is selection of an appropriate scale to work with. Scale determines the trade-off between the amount of detail that can be shown and the amount of area that can be covered for an equivalent size map sheet, with large-scale maps showing more detail but less geographical coverage. Overall, most respondents preferred working with the 1 : 50 000 scale, citing the additional details shown (less generalisation) as the reason. They also commented that the 1 : 50 000 map provided more information about outdoor recreation activities, and showed more road detail enabling them to gain better understanding of`access'.
The 1 : 250 000 map covers 25 times as much geographical area as the 1 : 50 000 map. Let it be assumed that the nature, diversity, and complexity of landscape in the smaller scale map (1 : 250 000) is identical to that in the larger scale map (1 : 50 000). In this case, to preserve the same detail of judgment used in the 1 : 50 000 map, respondents would have to divide the 1 : 250 000 map into 25 times as many value polygons. Table 1 reports pair-wise comparison of the mean statistics reported between the two maps using the t-test ( p 0X01). A statistically significant difference can be seen for total numbers of polygons, and for three of the five value classes. However, the differences in means show an increase of only approximately 50% in the numbers of polygons between the 1 : 50 000 and the 1 : 250 000 maps, which is far from the 25-fold increase noted above. This, combined with the fact that there were no statistically significant differences in the means of two of the value classes, suggests that respondents will partition and judge landscape at the scale of the topographic map supplied as the information sourceösomething which we may intuitively expect.
Out of curiosity, we have constructed frequency distributions for the similarity index and kappa values for the two map scales, as shown in figures 8 and 9 (see over). The similarity-index distribution for the 1 : 250 000 scale appears offset somewhat to the left of the 1 : 50 000 distribution. One conclusion that can be drawn is that similarity indices across the range are somewhat higher for the larger scale valuation process. More distinct differences can be observed when comparing the two distributions for kappa values, which take into consideration information beyond the diagonal of the similarity matrices. The 1 : 250 000 kappa values are concentrated in the low values, with a peak at the 0^`10% level and a fall off sharply at over 30%. The 1 : 50 000 kappa values are more evenly spread from 0 to 100%, and there are more in the higher kappa-value classes. Once conclusion could be that the 1 : 250 000 scale valuation exercise yielded more inconsistencies and/or disagreement between all the value classes than did the 1 : 50 000 exercise. The above findings suggest that respondents showed more agreement when conducting the valuation exercise at the 1 : 50 000 scale than the 1 : 250 000 scale. The temptation is to conclude that larger scale analysis yields higher consensus, and that it is more effective in capturing respondents' valuations. However, such an explanation is speculative at best and should not be made without further empirical research.
In summary, our pilot study leads us to conclude that topographic maps provide a potential surrogate for real landscape when conducting holistic and valuation, but that map literacy of respondents is essential and should be checked. We also conclude that, wherever possible, the largest scale topographic maps available for the area under investigation should be used. Third, we note respondents' comments about the possibility of using aerial photographs or orthophotomaps for this type of valuation exercise.
Discussion
We have searched for a way to facilitate an alternative or complementary approach to the reductionist approach to land valuation. We have experimented with a simple low-cost Gestalt land-valuation approach which gives stakeholders an opportunity to identify relative values for land, which allows stakeholders to compare their position with that of others and with an average position, and which allows for measurement and visualisation of consensus and divergence. A process has been established for the capture of each stakeholder's position, and analytical and visual procedures have been put in place to facilitate reporting of average positions, variations around the average, and pair-wise response comparisons. Contemporary computing technology makes it straightforward to design a website which allows individual stakeholders and decisionmakers to view their own position, to compare their position with that of others, and to compare average positions for subgroups defined by common interests, sociodemographic backgrounds, or any other justifiable grouping criterion. We offer the beginnings of such a website, accessible at http://www.geog.uvic.ca/gestalt/pilot.htm.
Can our holistic methodology produce a final map of relative or absolute land value? We will not know until the methodology has been tested in a real-world land-valuation scenario. Responses to our pilot study have been positive. Valuations undertaken by the students show geographical patterns of consistency in value, suggesting that the methodology can produce meaningful results. Despite their statistical shortcomings, the maps of average land value and their variation offer an interesting initial position statement. In the absence of anything better, these value maps can form a useful starting position from which stakeholders can commence negotiation to reach consensus with the aid of the additional information products we offer around these maps.
We feel that the strength of the holistic approach advocated here is that it places ownership of the valuation exercise firmly in the hands of the stakeholders. We do not see a holistic valuation approach necessarily as a replacement for a reductionist technique. Our plans are for a final land-valuation spatial decision support system that allows for the combination of reductionist with holistic land-valuation techniques to support comparison, and possibly the full integration of the two approaches.
The logical next step in our research agenda is to refine our experiment by exploring the use of orthophotomaps, to ask stakeholders and decisionmakers to interact with the information products we have produced, and to compare results from this holistic methodology with results obtained from a reductionist land-valuation approach.
